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) 1 36 km
1.6
[38], [39]
[40]
[41]
[2nd step]
0.25 m2
2nd step
17Minimum Detectable Polarization
18Taiki Areaspace Research Field
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2.18: MDP 10 m2
4.5 GV 12 GV
[3rd step]
10 m2
2.3.4 GRAINE 2015
GRAINE 2nd step 2015
3rd step
JAXA 24
JAXA
GRAINE
Vela
Vela
Vela : 263.6◦, : -2.8◦, : 8h 35m 21s, : -45◦10’35”
287 pc 100 MeV-10 GeV 1.06×10−5[photon
cm−2s−1] [16]
2.19 Fermi-LAT Vela
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2.19: Fermi-LAT Vela [16] 0.3 GeV
0.3 GeV-3 GeV 3 GeV 10◦
PSF
Vela 89 Fermi-LAT
2.20
Vela
100 MeV Vela 5 σ
1.0◦=17.4 mrad@Eγ=100 MeV
[42]
10 Vela
2.21 2015 5 15 : -23◦40’ :
133◦50’ E Vela 17:39
22◦ 45◦ 14:23-20:54 6 31
0.25 m2 Vela
2.22 Vela
6.5 5.0 σ
2015
34
2.20: Fermi-LAT Vela [16]
2.21: Vela 17:39
35
2.22: 0◦ 5 g/cm2 Vela
36
3GRAINE 2015 Vela
OPERA
3.1 3.2
3.3
3.4 2015
2015
3.5
3.1
OPERA
2011
2.1.3 2010
OB 2011
OPERA 52%
[43]
3.1
S-UTS
3.2 OPERA
OPERA 80% 97%
3.3
[40]
100 MeV 25% 70%
50 MeV
1
1 GRAINE
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3.1: N 1, 2, 3
ε1, ε2, ε3 1-3 Ntrigger Ntrigger=Nε1ε3
2 Neval. Neval.=Nε1ε2ε3 2
ε2=Neval./Ntrigger
θtan
0 0.2 0.4 0.6 0.8 1 1.2 1.4
Tr
ac
ki
ng
 e
ffi
cie
nc
y
0
0.2
0.4
0.6
0.8
1
 [deg]θ
0 10 20 30 40 50
New emulsion film
OPERA Film
3.2: OPERA [40]
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3.3: [40] OPERA
2011 OPERA
Veto OPERA inefficiency
(1-0.8)3=0.008 inefficiency (1-0.97)3=0.000027 103
10 OPERA 800
2.7
2015 Vela
3.2
3.2.1
Grain Density
R&D
52% 44% 36% 30%
UVSOR2
100 MeV 3 20 ◦C OPERA 25
100 µm Grain Density GD
GD 3.4 GD
2Ultra Violet Synchrotron Orbital Radiation
3700 MeV
39
4the amount of silver halide [vol%]
20 25 30 35 40 45 50 55 60
m
]
µ
G
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 D
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y 
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10
0
20
25
30
35
40
45
50
55
60
3.4: ( ) GD ( )
100 µm
180 µm (PS5)
S-UTS
3.5
PH GD
95%
36%
3.1
3.2.3
2015
3.2.2
@NewSUBARU
OPERA
4 GD 2
5PolyStyrene
40
the amount of silver halide [vol%]
20 25 30 35 40 45 50 55 60
Tr
ac
k 
de
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ct
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n 
ef
fic
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nc
y
0.7
0.75
0.8
0.85
0.9
0.95
1
3.5:
3.6: 2015
3.1:
type [ ] [mm] GD
52% 28.4 50 97%
44% 32.7 42.8 97%
36% 38.0 34.3 96%
30% 44.4 32.6 81%
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2015
2015 Vela 100 MeV
NewSUBARU NewSUBARU 1 GeV 1.5 GeV
(BL01)
3.7
3.7: NewSUBARU
2013 11 19 NewSUBARU 2.5 cm×2.5 cm
25 2
180 µm PS 70 µm
NewSUBARU 1.5 GeV 2.33 eV 73 MeV
6 Optical Hutch1 3 mm φ
68 MeV - 73 MeV
3.8
No.1 1
cm No.2 2 cm
BGO 1 cm , 2 cm 0.4
0.2 1
S-UTS
6
42
3.8:
No.2 ( 2.10) 10
MeV/c 3 σ
2
1 inefficiency
10
#23 3.9
112 80(71%)
32(29%)
3.9: #23 3
MC Geant4
(Geant4.9.6 Livermore Model )
MC
1089
43
702 71% 293 29%
94 MC 68
MeV - 73 MeV (1-94)/1089=0.91
3.10 MC δθscat
p
σ +30%, -19% MC
+26%-17% MC
70.8 MeV MC 70.4 MeV 1%
Gamma-ray Energy [MeV]
0 20 40 60 80 100 120 140 160
N
um
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f e
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0
10
20
30
40
50
60
MC
Data
3.10: MC
3.1 (θe− , θe+)
(pe+ , pe−)
θγ =
pe−θe− + pe+θe+
pe− + pe+
(3.1)
3.11
3.12 68%
1.76◦±0.12◦ MC 1.80◦±0.04◦ MC
Fermi-LAT 8.0◦ 4.5
2.10 NewSUBARU
44
 [rad]xθ
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3.11:
Gamma-ray space angle [rad]
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3.12: MC
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3.2.3 grain by grain
grain by grain
grain by grain
L grain δθscat: 2.10
δxscat =
1√
3
δθscatL (3.2)
3.13 x1, z1 L = (z2-z1) x2, z2 x2
δx2 =
√
(δx)2 + (δxscat)2 (3.3)
2.1.4 δx δz
δ tan θemul
δ tan θemul =
1
L
√
2(δx)2 + (δxscat)2 + 2(δz tan θ)2 (3.4)
3.13:
δtanθemul L
δtanθemul L L
L L z grain
46
by grain L
Geant4
Geant 4.9.6 Livermore model
180 µm PS 70 µm
2 µm
0.06 µm 20%
grain by grain 100 MeV
3.14
68% 2
3.15 grain by grain
grain by grain 100 MeV
70 µm/
180 µm
3.14: grain by grain 100 MeV
grain by grain
grain by
grain
grain 2 µm grain
7
grain by grain
7Grain Density ∼50/100 µm 2 µm 70 µm
grain
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Energy (MeV)
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-110
1
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3.15: 2.10 grain by grain
Fermi-LAT
NewSUBARU
3.3
3.3.1
Ag4 + 2H2O+O2 → 4Ag+ + 4OH− (3.5)
( 40 ◦C)
Grain Density
UVSOR
50%RH 15%RH
3.16 GD
40 ◦C, 50%RH 40 ◦C, 15%RH
3.17
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Storage period [day]
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C 50%RH°5
C15%RH°40
C50%RH°40
3.16: GD
GD 10 10
GD
20-30%RH
20-30%RH
TDC-151-PDX-S
3.18 L
16-18
33-35 105
3.17:
22%RH 15%RH
40 ◦C
S-UTS
3.1
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3.18: ( ) ( )
40 ◦C 3.19 40 ◦C 3
15%RH 90% 22%RH
77%
97%
JAXA
Elapsed Day
0 1 2 3
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0
0.2
0.4
0.6
0.8
1
C22%RHo40
C15%RHo40
3.19: 22%RH 40 ◦C
15%RH
50
3.3.2
OPERA
3.20
8
9 3.21
3.20:
3.21:
•
–
8
9
51
•–
•
– 10
•
2015 170-180 µm PS
PS
1 µm 80%RH
3.22
3.22:
R&D
3.23
20 ◦C, 80-90%RH
3.23 ” ”
40 ◦C,
10 ” ” PH
52
50%RH 12
3.23: R&D
[44]
1/3 cc 30
1.5 1
2
30 ◦C, 70-80%RH
24
2015 OPERA
20 , 2480 11 A4 3.24
1 OPERA 2 4
4 16 / No.1-16
No.17-32 No.1-16 No.17-32
32 /week 2013 A4
[44]
2015
2015
25 cm× 12.5 cm 10 1240 25 cm× 37.8 cm
4 496
3.24 27
11 100 8 16
53
cm×78 cm 1 cm 1 25 cm× 37.8 cm 2
1
3.25 2500 cm2 3780 cm2
1.5 12 A4
3.2
3.24: A4
3.2:
[cm2] [cm2] [m2/week]
A4 15×28 10×12.5 1.6
27×78 25×37.8 6
A4
3.4
2015
12
54
3.25:
25 cm×37.8 cm 4 3780 cm2
3.4.1
2015 130 kg
2014 11 2014 1 R&D
5 13 2014 5
2014 9 2014
10 2015 1
194 kg B
3.26 3.3
5%
3.3:
R&D
199 31
6 9
205 40
118 kg 76 kg
Grain Density
13
55
3.26:
cc
UVSOR
GD GD
3.27 GD 3.28 GD 50.4
4.5 GD 46.2 3.0
GD40 (3 )
3.27: GD , R&D ,
3.4.2
3.3.2 PS
2015
56
m]µGrain Density [counts/100
0 10 20 30 40 50 600
5
10
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m]µGrain Density [counts/100
0 10 20 30 40 50 600
0.5
1
1.5
2
2.5
3
3.28: ( ) GD ( ) GD
20 ◦C, 80-90%RH
30 ◦C, 70-80%RH
3.29
27 cm×77.5 cm 4 4 ×4 =16
1
3 2 4 32 64
1 cm 25 cm×37.8
cm
1 14-20
40 ◦C, 50%RH 12
3.29: 27 cm×78 cm
40 µm 27 cm×45.5 cm
PS 3.4 14 70
µm 42 µm
2014 5 week1, week2
2014 12 2015
14PS 170 µ 180 µm
170 µm
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3.4:
[µm] PS [µm]
70 170
42 170 / 40
45 170
3 week1-week9
week10, week11
40 µm 40 µm
3.29 1 1
696
12 2%
3.30
3.30:
3.5
2015
3.5.1
58
week1-3
µ
20 ◦C
3.31
80% µ
5 [45]
3.31: ( ) G104 ( )
2015 2014
6 1
7 31
10 29
UVSOR
Grain Density 3.32
2015
[45]
2014 12 25
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3.32: Grain Density
3.5.2
25 ◦C, 95%RH
24
EL-S41 400 ml/h 95%RH
24
Grain Density
70 3.33
3.34
GD 52.5±3.0
70
70
F 20 ◦C, 80%RH 12 25 ◦C, 80%RH
12 25 ◦C, 95%RH 12 24 36 OPERA
3.35
S-UTS PH
3.36 PH
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3.33: GD
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3.34: ( )
100 µm
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3.5 PH 25 ◦C, 95%RH 24
3.35:
Pulse Height
0 2 4 6 8 10 12 14 16
N
um
be
r o
f t
ra
ck
s
0
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100
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200
250
300
350
400
C 80%RH 12 ho20 
C 80%RH 12 ho25 
C 95%RH 12 ho25 
C 95%RH 24 ho25 
C 95%RH 36 ho25 
3.36:
0.4< |tanθ| <0.5 PH
2015
62
3.5: 0.4< |tanθ| <0.5
PH
PH PH
20 ◦C, 80%RH, 12 11.0 –
25 ◦C, 80%RH, 12 11.2 –
25 ◦C, 80%RH, 12 11.2 –
25 ◦C, 95%RH, 12 12.5 12.9
25 ◦C, 95%RH, 12 12.5 12.9
25 ◦C, 95%RH, 24 13.6 12.6
25 ◦C, 95%RH, 36 13.4 13.2
15
3.5.3
∼5 g/cm2
2011
2015
5.1.2
63 mm×48 mm
3.37
2015
15
63
3.37: 6.1.1
3 mm
OPERA
0.5 mm PET 3.38
3.38: ( )
( ) PET
64
3.5.4
2015
2015
2015
3
95%RH
24
DRU-2819 3.39
3.35
3.39
3.39: ( 2.8 m(W)×1.9 m(D)×2.0 m(H) , ( )
( FE-KFE15)
90%RH
EL-S41 95%RH
MJ-180JX 50-60%RH
65
1st drying
3.18
2nd drying
FVCII
2015
GRAINE
2015 2 21
3 15
week3, week4 OZE
240 V
100 V 200 V
3.40
68 cm(W)×83 cm(H)×45 cm(D) 16
3.40: 1 1 m×1 m
100
16
66
3.6 (20-30%RH)
1st drying 70%RH
3.6:
reset 3/5 16:00 3/5 19:30
reset 3/5 19:30 3/6 23:00
1st drying 3/6 23:00 3/7 10:30
2nd drying 3/7 10:30 3/7 12:30
2nd drying 3/7 12:30 3/9 15:00
3.41
95%
3.41:
2015 4 1
4 2 17
17 4 1
67
GRAINE
3.7 3.42
C
run 1, run 2, run 3 30.5 26 33 run 3
26 ±2 ◦C 95%RH
run 1-1, run 1-2, run 2, run 3-1, run 3-2 58 36 47 52
38.5 18 30%RH run 1 1st drying
run
5.2.4
3.7:
run 1
reset 4/2 19:30 4/4 2:00
1st drying 4/4 2:00 4/4 10:00
unit 1
2nd drying 1-1 4/4 12:00 4/6 14:00
packing 4/6 14:00
unit 2
2nd drying 1-2 4/6 17:30 4/8 6:15
packing 4/8 6:15
run 2
reset 4/8 12:00 4/9 14:00
1st drying 4/9 14:00 4/10 8:00
2nd drying 4/10 8:00 4/11 11:00
packing 4/11 11:00
run 3
reset 4/12 1:00 4/13 10:00
1st drying 4/13 10:00 4/14 1:30
unit 3
2nd drying 3-1 4/14 1:30 4/15 13:00
packing 4/15 13:00
unit 4
2nd drying 3-2 4/15 18:30 4/17 9:00
packing 4/17 9:00
18 3.42
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run 1: Reset process
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run 1: Drying process
Processed time [hour]
0 10 20 30
Te
m
pe
ra
tu
re
 [d
eg
]
10
15
20
25
30
35
40
R
el
at
iv
e 
hu
m
id
ity
 [%
]
10
20
30
40
50
60
70
80
90
100
run 2: Reset process
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run 2: Drying process
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run 3: Reset process
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run 3: Drying process
3.42: ( run 1, run 2, run 3
( ) run 1, run 2, run 3 run 1, run
3 55 unit 1, 3
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4 2015
2015
4.1 4.2 2015
4.3
4.1
CPU DAQ
24
1/2 0.1◦(= 1.7 mrad)@Eγ=1-2 GeV
∼0.5 mrad 2015
Vela 1.0◦(= 17.4 mrad)@Eγ=100 MeV
∼5 mrad
3
4.1 MODTRAN [46]
40 km 67◦
33◦ 140◦
1 600-700 nm
1
70
4.1: [46] M 0
4.2
2011
[41] 2015
SONY CCD XCG-H280E XCG-H280E
CCD SONY ICX-6742 600 nm
74%(60%) 750 nm 45%(45%) 2011 CCD
XCG-H280E 2×2 1 1
CCD
2011 Nikon 85 mm F 1.4
θview
tan
θview
2
=
L
2f
(4.1)
1 θpixel
tan
θpixel
2
=
l
2f
(4.2)
L CCD l f
5.9◦×4.4◦
0.00612◦×0.00612◦ =0.107 mrad×0.107 mrad
CCD C Nikon F-C
690 nm B+W 092
4.3.3
4.1 4.2
2EXview HAD II
71
4.1: CCD
CCD SONY XCG-H280E
2/3 Interline Transfer CCD
1920(H)×1440(V)
CCD 8.8 mm(H)×6.6 mm(V)
4.54 µm×4.54 µm
2×2
2 sec - 1/100000 sec
ADC 8 bit 10 bit 12 bit
Gigabit Ethernet (1000BASE-T)
5.8 W(12 V, 0.48 A)
∼200 g
691 kByte
Nikon Nikkor AF 85mm f/1.4D
85 mm
F 1.4
60.7 mm
550 g
Schneider optics B+W 092
@50% 690 nm
@90% >730 nm
4.2:
72
DAQ
CCD ADC LAN
CPU PC/104 Advantech PCM-3363
CPU GPS
CPU USB RS-232C
SSD
4.2 4.3 CPU
4.2: CPU SSD
CPU Advantech PCM-3363
CPU Intel Atom D525 1.8 GHz
Memory DDR3 1 GB
SATA 2.0 1
Internal IO USB2.0 4
RS-232C 2
5 V 2.7 A @Full load
664 g
PCI-104
SSD Plextor PX-512M5Pro/M6Pro
512 GB
5 V 1 A
4.3: CPU SSD
73
4.3
4.3.1
DCDC
CPU SSD DCDC (SVA 05SC12)
CCD National Semiconductor LDO (LM2940CT)
2015
4.4:
10
mrad/sec 3 1 0.107 mrad
1/30 sec 1 0.33 mrad 3
1/15 sec 1 0.66 mrad 6
15 FPS4 0.66 mrad
32011 10 mrad/sec
4Frame Per Second
74
30 FPS 1/30
sec
CPU
2015
LED
CPU CPU
GPS CPU GPS
PPS5
Dhood
Dhood = lhood × 2 tan(θview
2
) + D (4.3)
lhood D tan θview 4.1
2011 154mm (VU )
3 333 mm 2
667 mm
13.2◦ 5.9◦×4.4◦ 7.4◦ ±3◦
4.3.2
2015
SSD 512 GB
1 691 kByte 6 24 30 FPS
1.8 TByte
2015 DAQ
2015 Vela
Vela
5Pulse Per Second
6960×720×8 = 5.52 [Mbit] = 691 [kByte]
75
( )
100 100 100 100 100 90 105 105 90 91 100
100 5 90 105 105 2 90 91
+α
4.5
4.5 K 6.3 4
38, 28, 26, 25
σ=3.4 6.0 σ, 3.0 σ, 2.4 σ, 2.1 σ
2 σ
 / ndf 2χ  105.7 / 35
Constant  1.173e+002± 7.945e+004 
Mean      0.00± 17.68 
Sigma    
 0.003± 3.383 
Brightness
5 10 15 20 25 30 35 400
10000
20000
30000
40000
50000
60000
70000
80000
Brightness of the K-type star(Vmag 6.3)
Brightness distribution
4.5: ( ) ( )
K 6.3 4
4.6
103%
+1 σ(=3.4)
65% +2 σ(=6.8)
20%
(x, y,
)
, (20, 4) (70, 8) (120, 10) (170, 13)
4
3 σ 5 σ
5
4.7 5×5
76
4.6:
4.7:
, = 120, 10
4.8 10% 3 σ
86% 5 σ 100%
10%
4.9
Vela 6.5 ±0.5
Vela : 30 FPS
non-Vela 10 FPS
100 1
24 non-Vela
691 [kByte]×16.5 [hour]×10 [frame/sec]×10%=41 GByte
691 [kByte]×24 [hour]×0.1 [frame/sec]=6 GByte
non-Vela 47 GByte
Vela
77
PH threshold
120 140 160 180 200 220 240
e
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y
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compress efficiency
 starσdetection efficiency@3
 starσdetection efficiency@5
4.8: , = 120, 10
PH
4.9: 10%
78
691 [kByte]×7.5 [hour]×30 [frame/sec]×=560 GByte 80%
Vela 65% +1 σ
7
SONY Visual Studio
2010 Professional SONY ZCL for GigECAM
RAW
4.3.3
2015 XCG-H280E 2011
C3077-79
XCG-H280E 2×2 1/30
sec Nikkor AF 85mm f/1.4D 85
mm F 1.4 B+W 090(590 nm) 091(630
nm) 092(690 nm) 3
4.3
XCG-H280E C3077-79
XCG-H280E C3077-79 CCD
4.3:
filter XCG-H280E C3077-79
133 23
090 53 13
091 43 11
092 16 8
XCG-H280E
B+W 092 B+W 092 2
4.3.4
2015
7 30 FPS
79
3 Vela
non-Vela Vela 30 FPS
10 FPS
1 4.10 Vela 23-24
FPS
SSD
non-Vela 10 FPS
4.11 10
4.10:
4.11:
2015
4.12
non-vela 20 10 FPS
LED
80
4.12: 2015 PH
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5 2015
GRAINE 2015
5.1 BLS1
2015
5.2
5.1
5.1.1
NSW2 BLS
5.2 BLS
BLS NASA 2010
BLS JAXA 2010
5.1:
2015 4 15
5.1.2
3.5.3 2015
1Balloon Launching Station
2New South Wales
82
5.2: BLS NSW NASA
NSW BLS
cf. BESS3 cf. ATIC4[47]
5.3 ATIC ATIC
C L
5.3: ( ( ATIC ( GRAINE2015
5.4
3Balloon-borne Experiment with a Superconducting Spectrometer
4The Advanced Thin Ionization Calorimeter
83
0.1
0.3 JAXA
5.4
[48]
5.4: ( ) 2015 @ ( ) JAXA
GPS Garmin 15xL 2 PPS GPS
RS-232C USB-TTL CPU PPS
MKS 13 g/cm2 Setra
CPU
ADC AD
CPU
5.1
DCDC CPU 78% 12 V 5 V
74% 18-36 V 24 V CPU 78% 4.5-9
V 5 V CCD LDO 12 V
3B76, 8 2
5 8 3 40
5 DCDC
84
JAXA
CPU 4 1 2
CPU2
6
5.1:
SC#
3B76, 4 3 12 V, 90 Ah 1.8 A CPU @12 V 51 h #3
3B76, 4 2 12 V, 60 Ah 1.8 A CPU @12 V 34 h #1, #2
3B76, 4 1 12 V, 30 Ah 0.4 A CCD @12 V 68 h
3B76, 8 3 24 V, 90 Ah 1.6 A @24 V 56 h
3B76, 2 1 6 V, 30 Ah 0.4 A CPU @6 V 59 h
5.5
LED
5.5: 2015
B300 20
6 DCDC
85
µm 300,000 m3 91.4 m 645 kg
5.6
5.1.3
NASA CONCORDIA 4 27
5
1 4
30 ◦C
10 ◦C
C.2
5.7 2015
1 100 32 mm
0.53 X0 εconv 34%
1
3 2 3
D
1 16 (SUS316L)15
19.3 mm 0.90 X0
3 4
J-PARC [44]
3
FaroArm FARO FaroArm ∼10 µm 3
∼1 mrad 2015 Vela
∼10 mrad
3
49◦
JAXA 5.8 64.8◦
CCD L 5.9
CPU
5.7
86
5.6: [JAXA ]
87
5.7: 2015
( ) 1 ( )
unit 1, unit 4
5.8: [JAXA ]
88
5.10
3
5.9: CPU ( )
( ) CPU
5.10: 3
5.11
5.12
89
5.11:
5.12: BLS
90
5.2 2015
5.2.1
2015 5 12 6:33 ACST7
8:50 36 km 20:00 20 22
20:55 1000 km
14 22 36 km 11 32
5.13 5.14
5.13: GRAINE2015
5.14: [image credit: JAXA]
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week
1 2014/5/27-6/1 4TZ
2 2014/6/3-6/8 4TZ
3 2014/6/10-6/15 OZE
4 2014/12/9-12/14 4TZ &OZE
5 2014/12/16-12/21 4TZ
6 2014/12/23-12/28 4TZ
7 2015/1/6-1/11 4TZ
8 2015/1/13-1/18 4TZ
9 2015/1/20-1/25 4TZ
10 2015/2/17-2/22 4TZ
11 2015/3/2-3/7 4TZ
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C 2015
C.1
2015 C.1
unit 2 16
C.1: 2015
run
1-1 week 8, 9 unit 1
1-2 week 1, 6, 7, 8 unit 2
2 week 10, 11
3-1 week 1, 5, 6 unit 3
3-2 week 1, 2, 4, 5 unit 4
week 1 12 week 10
1 13 unit 1, 3, 4
unit 2
unit 1, 2, 3, 4 5 , 35 , 15
, 25
C.2
BLS
unit 1 3rd
unit 1 1st unit 4 1st
unit 4 1st unit 1 1st
unit 1, 4 1st 180◦
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D 2015
D.1
2015
[42][50]
2015 10
1 -2
2 3
2011
NETSCAN
2016 1
D.2 2015
D.2.1
2015 BLS
D.1
1st 2nd 3rd
OPERA
1 3rd
5 cm
5 cm×25 cm= 125 cm2 7%
D.2 D.1
1st 2nd 1 cm 2nd 3rd
2 cm 1 cm 115
µm 100 µm
1st 2nd 40 µm
2.8
1unit 3, 4
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D.1: 2015
D.2: 2015
D.1:
1st - 2 170 µm 11, 12
1st - 1 40 µm 13
2nd - 1 40 µm 21
2nd - 1 170 µm 22
3rd 3 170 µm 31, 32, 33
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1st 4 D.2
4
D.2:
ali0 96 28 5/7 10:22@
ali1 49 25 5/5 6:24
ali2 38 57
ali3 13 29 5/3 22:27
D.2.2
2015 D.3
D.3 2015
13:45 Vela
5.17
Vela 2nd 160 µm 62
=9920 µm 63 160+80=240 µm =10160 µm 64
160 µm
80 µm Vela
2nd D.4
2 ∼10 µm
D.3
area 1 area 12 12
unit 3, area 8 2
D.4
2 area 6
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D.3: 2015 Vela
3rd
D.3: 2015
non-Vela
1
1st 7 12 – –
2nd 396 [s] 160 [µm] –
3rd 10 [µm/s] 4000 [µm] 800 [s]
Vela
1
1st 1000 [s] 310 [µm] –
2nd 8 [s] 80 [µm] 125
3rd 500 [µm/s] 4000 [µm] 16 [s]
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D.4: 2015 Vela 2nd
[µm]
0
1 160
2 320
· · ·
61 9760
62 9920
63 10160
64 10000
65 9840
· · ·
123 560
124 400
125 240
D.4: X1, X2, X3 dx1, dx2, dx3 [39]
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D.3.1 1st
#1 1st #11
D.5 #1-11
ali 0 0 #1-11
dx=0 ali0 dx=+100 ali1 dx=-100
ali2 dx=+200 ali3
m]µdx [
300− 200− 100− 0 100 200 300
N
um
be
r o
f t
ra
ck
s
0
1000
2000
3000
4000
5000
6000
7000
8000
9000
D.5: #1-11 | tan θ| <0.3 dx=0
ali0 dx=+100 ali1 dx=-100 ali2 dx=+200 ali3
#1-11 σ
D.6
#1-11 6.12
ali0, 1, 2, 3
1st area 8 1730±400
µm 4-5 ali2
ali0 #11
D.7 94.9%
2-3% PH
1st
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projθtan
0 0.2 0.4 0.6 0.8 1 1.2
m
]
µ
 
[
dx
σ
0
5
10
15
20
25
30
35
40
dxσali0 
dxσali1 
dxσali2 
dxσali3 
projθtan
0 0.2 0.4 0.6 0.8 1 1.2
 
[ra
d]
xθ
dt
an
σ
0
0.005
0.01
0.015
0.02
0.025
0.03
xθdtan
σali0 
xθdtan
σali1 
xθdtan
σali2 
xθdtan
σali3 
D.6: #1-11 σ
σ
spaceθtan
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
Tr
ac
k-
fin
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ng
 e
ffi
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nc
y
0.5
0.6
0.7
0.8
0.9
1
 [deg]θ
0 10 20 30 40 50
D.7: #11 ali0
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#1 1st #11
D.8 #1-11
D.9 dx-dy
Vela
0 #1-11
dx=0 non-Vela 7 12 dx=310
µm Vela 1000
m]µstage position (dx) [
0 1000 2000 3000 4000 5000 6000 7000
N
um
be
r o
f t
ra
ck
s
0
5000
10000
15000
20000
25000
30000
35000
40000
D.8: #1-11 dx=0
non-Vela 0 1, 2,· · · , 20
m]µdx [
0 1000 2000 3000 4000 5000 6000 7000
m
]
µ
dy
 [
1000−
800−
600−
400−
200−
0
200
400
600
800
1000
D.9: dx-dy
0
#1-11 σ
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| tan θ| <0.1, 0.4< | tan θ| <0.5 D.10 D.11
σ 4 mrad@| tan θ| <0.1
σ dy 5 µm@| tan θ| <0.1 dx
1st 2nd
dx µm
dy 0.4< | tan θ| <0.5 dx dy σ )
spot number
0 5 10 15 20 25
 
[ra
d]
θ
dt
an
σ
0
0.002
0.004
0.006
0.008
0.01
0.012
0.014
0.016
0.018
0.02
xθdtan
σ
yθdtan
σ
0-0.1 [rad]
0.4-0.5 [rad]
D.10: σ | tan θ| <0.1, 0.4< | tan θ| <0.5
0 #11
D.12 96.7%
dE/dx
3
#1-12
#11
#1-12 #11-12
#11 3%
105 3000
D.3.2 2nd
unit 3, area 8 D.5
3
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spot number
0 5 10 15 20 25
m
]
µ
 
[
dx
 (d
y)
σ
0
5
10
15
20
25
30
35
40
dxσ
dyσ
0-0.1 [rad]
0.4-0.5 [rad]
D.11: σ | tan θ| <0.1, 0.4< | tan θ| <0.5
0 7 12
spaceθtan
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
Tr
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k-
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cie
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y
0.5
0.6
0.7
0.8
0.9
1
 [deg]θ
0 10 20 30 40 50
D.12: #11 0
D.5: unit 3, area 8
[µm]
#1-11 1730
#12-13 1500
#13-21 800
#21-22 1500
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40 µm #11-13
D.13 #11-13 ali0 σ
40 µm 170 µm
4
projθtan
0 0.2 0.4 0.6 0.8 1 1.2
m
]
µ
d_
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sit
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n 
[
0
5
10
15
20
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30
dxσ
dyσ
projθtan
0 0.2 0.4 0.6 0.8 1 1.2
d_
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e 
[ra
d]
0
0.005
0.01
0.015
0.02
0.025
0.03
daxσ
dayσ
D.13: #11-13 ali0 σ
σ
40 µm #13-21
D.14 #13-21 ali0
13 11
40 µm
∼2 µm@| tan θ| <0.1
projθtan
0 0.2 0.4 0.6 0.8 1 1.2
m
]
µ
d_
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n 
[
0
5
10
15
20
25
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dxσ
dyσ
projθtan
0 0.2 0.4 0.6 0.8 1 1.2
d_
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0
0.005
0.01
0.015
0.02
0.025
0.03
daxσ
dayσ
D.14: #13-21 ali0 σ
σ
40 µm #13
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11 21 22
#13 1 #11 D.1 Connection
Value CV
CV =
(dx2 + dy2)× (d tan θ2x + d tan θ2y)
PH
(D.1)
D.15 #13-21
ali0
projθtan
0 0.2 0.4 0.6 0.8 1 1.2
m
]
µ
d_
po
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io
n 
[
0
5
10
15
20
25
30
dxσ
dyσ
projθtan
0 0.2 0.4 0.6 0.8 1 1.2
d_
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e 
[ra
d]
0
0.005
0.01
0.015
0.02
0.025
0.03
daxσ
dayσ
D.15: #13 11 21
22 #13-21 ali0 σ
σ
D.4
1st
1st 2nd
96.7%
#11-13 13-21, 21-22, 22-31 2nd, 3rd
Vela
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